Introduction
P eroxidation o f lipids in biological m em branes is a com plex process in w hich rearrangem ent and destruction o f double b o n d s in lipid m olecules occurs th ro u g h p ro p a g a tio n o f free lipid radicals form ed a t the beginning o f the process [1 -3 ] . H y droperoxides form ed affect the structure o f the m em brane [4 -6 ] and inhibit m em brane-bound enzymes [7 -9] .
Besides effects u p o n the biological m em branes lipid oxidatio n p ro d u cts a n d pro d u cts o f d eg rad a tion o f free radicals are o f great im portance in can cer biogenesis a n d developm ent [e.g. [10] [11] [12] . A t present there is an increasing evidence th a t m any strong carcinogens are sp o ntaneously form ed d u r ing food processing. T hese com pounds are su p posed to be responsible for colon and b reast can cer [13, 14] , M ost n a tu ra l an d synthetic com pounds acting as an tioxid an ts, i.e. p ro tectin g lipids against nonenzym atic oxid atio n in vitro as well as in vivo are o f phenolic n a tu re e.g. tocopherols, ubiquinols, BH A , B H T, T B H Q an d gallic acid derivatives. M any n atu ral phenolic com p o u n d s o f p lan t origin also exhibit an tio x id an t prop erties [15] .
The phenolic n atu re o f resorcinolic lipid m ole cules (I), w hich are significant constituents o f cere al grains and the sim ilarity o f these com pounds to tocopherol suggested th a t they m ight also exhibit 
Materials and Methods
5-tt-Heptadecyl-an d 5-w-heptadecenylresorcinols were isolated chrom atographically from ace tone extracts o f rye grains as described earlier [16] . Phosphatidylcholine w as isolated from egg yolks according to the procedure o f Van D eenen an d De H aas [17] . Linolenic acid (18:3) (M erck) was used w ithout fu rth er purification. o f pure phosphatidylcholine and p repared from phospholipid-resorcinolic lipid m ixtures were used. In the latter case resorcinolic lipid co n stitu t ed 1 -1 5 m ol% o f to tal liposom e m em brane lipids. W hen alk(en)ylresorcinols were to be added direct ly to the sam ples, m icroliter volum es o f ethanolic 5 mM stock solution were used (final alcohol con cen tratio n was below 0.7% ).
Lipid p ero x id atio n was initiated by ad d itio n o f freshly p rep ared aqueous ferrous sulphate (final co n cen tratio n o f 50 jim) to the sam ple solutions. The sam ples were incubated for 60 m in at 37 °C and the am o u n t o f peroxid atio n p ro d u cts form ed was determ ined colorim etrically w ith thiobarbituric acid [18] .
Results and Discussion
The extent o f pero x id atio n was expressed in nanom oles o f th io b a rb itu ra te reacting substances (TB R S) and in per cent o f in hibition in relation to pero x id atio n o f the co n tro l sam ples co ntaining no resorcinolic lipids. Because the p a rtitio n coeffi cient o f resorcinolic lipids betw een buffer and lipid is small (ab o u t 1 x 10-5) [19] it was assum ed th a t the n u m b er o f alk(en)ylresorcinol m olecules re m aining in the aqueous phase in relation to the nu m b er o f m olecules in co rp o rated into the lipid phase will be sm all enough so th a t they w ould have no significant effect on the result, therefore it could be om itted. This assum ption allow ed us to present the am o u n t o f resorcinolic lipid in the lipid phase as the per cent m ole fractio n in relation to total am o u n t o f lipids in the sam ple. T herefore the effect o f absolute co n cen tratio n s o f the com po u n d s in the sam ple on the pero x id atio n extent was avoided.
In Fig. 1 the effect o f increasing am o u n ts o f 5-nheptadecyl-and 5-«-heptadecenylresorcinols upon F e +2-induced p ero x id atio n o f linolenic acid. Both hom ologues inhibited fatty acid p eroxidation. A t 20 m ol% resorcinolic lipid these com p o u n d s in hibited pero x id atio n up to a b o u t 90% . The mol fractions at w hich h a lf m axim al effect were o b served (IE 50) were o f 2 .6 -3 .6 m o l% . Som ew hat higher suppression o f peroxid atio n was observed for satu rated -ch ain hom ologue, alth o u g h this dif ference seems to be nonsignificant. P eroxidation o f fatty acid incubated w ith a con stan t am o u n t o f resorcinolic lipid an d ferrous ions is time dependent. The effect a t sh o rt tim es (below 10 min) o f incubations is som ew hat stronger th a n at longer times (Fig. 2) . Possibly w ith extended in cubation time resorcinolic lipids m ight directly in teract with F e +2 ions or their effective c o n cen tra tion on the surface o f the em ulsion droplets m ight have been decreased as a result o f p en etratio n o f the alk(en)ylresorcinol m olecules into the interior o f the droplet.
Resorcinolic lipids also p ro tect phospholipid m em branes against peroxidation (Fig. 3) . A d d i tion o f these com pounds in to the liposom al sus pension (they should be located m ainly at the o u t er h alf o f the m em brane as their flip/flop is lim ited [24] ) resulted in the inhibition o f the peroxidation process by 8 0 -8 7 % at 4 m ol% o f alk(en)ylresorcinol, depending on the hom ologue studied. The values o f IE 50 estim ated for this system (0 .8 5 -0.90 m ol% ) are ab o u t four tim es low er th a n those obtained from previous experim ents. T his de crease o f the p ro p o rtio n o f the agent necessary for a sim ilar effect m ay be due to the different locali zation o f an tioxidant m olecules in the systems studied. In the liposom e system the site o f localiza- tion an d action o f alk(en)ylresorcinols is definedthe bilayer, w hereas in fatty acid em ulsions a su b stantial p a rt o f the an tio x id an t could be located in side the fatty acid d roplet. T herefore, the effective co n cen tratio n o f an tio x id an t at the site o f peroxi d atio n is higher fo r bilayers th a n for em ulsions. The lack o f significant differences between the ac tivity o f satu ra te d an d u n satu rated hom ologues in dicates the key role o f 1,3-dihydroxybenzene ring in the antiox id ativ e properties o f resorcinolic lipids.
It was show n th a t the protective action o f the com pounds studied is p ro p o rtio n a l to the incuba tion time. T he stronger effect o f the satu rated hom ologues (Fig. 4) suggests th a t the localization o f the resorcinolic lipid in the m em brane bilayer is im p o rtan t for an tio x id an t properties. R esorcinolic lipids m ight be considered as an tio x id an ts acting in close proxim ity to the double bonds o f acyl chains. Sm aller increase in tim e and low er antioxi d an t activity o f the u n satu rate d hom ologues m ay suggest a different final localization o f the h o m o logues in the m em brane after sufficiently long in cu bation (equilibration) times. T he experim ent in w hich alkenylresorcinol was in co rp o rated into the liposom e m em brane during its fo rm atio n m ight su p p o rt this suggestion. As show n in Fig. 5 the IE 50 increased to 3 m ol% and the m axim al inhibi- [22] it m ay be assum ed th a t a m em brane-stabilizing ef fect o f resorcinolic lipids m ay also particip ate in their antioxidant activity, particularly at low co n centrations. The decrease o f the m obility o f m ole cules in the m em brane w ould restrict n o t only the accessibility o f peroxidants to the m em brane inte rior b ut it would also inhibit contacts betw een ra d icals and double bonds th a t stim ulate p ro p ag a tio n o f the peroxidation process. In this respect the ef fect o f resorcinolic lipids w ould be sim ilar to the m em brane-stabilizing effect o f a-to co p h ero l, a well know n n atural an tioxidant com p o u n d [23] .
R esults presented in this paper indicate th a t the antioxidant properties displayed by resorcinolic lipids, which are com pounds localized in cereal grain m aterials, m ight be o f im portance for p ro c essing and storage o f certain cereal products.
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